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ABSTRACT 

Mission p lann ing  i n  t h e  Apollo App l i ca t i ons  Program 

has  advanced t o  t h e  p o i n t  where miss ion assignments f o r  t h e  

e a r l y  f l i g h t s ,  i . e .  a l t e r n a t e  Apollo Miss ions ,  have been made. 

While t h e s e  experiment assignments a r e  p r e l i m i n a r y ,  they  do 

prov ide  a  b a s i s  f o r  an i n i t i a l  e s t i m a t e  of  t h e  d a t a  l oad  

expected from t h e s e  mi s s ions .  The p r e p a r a t i o n  of t h i s  e s t i m a t e  

i s  t h e  purpose of  t h i s  memorandum. 
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INTRODUCTION 

Mission planning in the Apollo Applications Program 
has advanced to the point where mission assignments for the 
early flights, i.e. Alternate Apollo Missions, have been made. 
Experiment groupings have been made for these flights drawing 
from MSFEB approved experiments, experiment proposals of princi- 
pal investigators, as well as NASA and contractor studies. While 
these experiment assignments are preliminary, they do provide a 
basis for an initial estimate of the data load expected from 
these missions. The preparation of this estimate is the 
purpose of this memorandum. 

The missions to be considered are Alternate Apollo Mis- 
sions 211, 214,215,216,217, 507, 509, and 511 as assigned in 
the AAP draft FMAP ML-65-1. 

It is worth noting at the outset that the basic 
information used in this study is far from firm. Many of the 
proposals or other sources fail to provide complete information. 
The results presented should be viewed as best available current 
estimates and not as firm requirements. 

EXPERIMENT DATA CHARACTERISTICS 

It is possible to categorize the data generated by 
AAP experiments in terms which are meaningful for the operations 
to be subsequently performed. These succeeding processes of 
data storage, data transmission, data processing, data display 
and data evaluation make it desirable to differentiate certain 
classes of measurement characteristics. 

Specifically, the following data characteristics can be 
recognized: 

A. Signal Frequency Characteristics 

1. wide band data ( > >  3kc) 
2, medium band data ( Q  3kc) 
3. narrow band data ( < <  3kc) 



B. Data Form 

1. analog 
2, digital 

C. Normal Data Storage Media 

1. paper, film records 
2. electrical records (tape recording process) 

D. Data Processing and Display Requirements 

1. immediate processing and display desirable 
2. processing and display with short time delays 

acceptable 
3. processing and display only required long after 

the mission is performed. 

DATA GENERATION RATES 

A set of tables follows listing experiment assignments 
to flights for the previously mentioned early AAP flights, 

One should note that these flights contain groups 
of experiments which deal with: 

a. biomedical signals assessing the properties of living 
systems 

be spectral sensing signals assessing the earth and lunar 
radiation characteristics over a wide frequency range 

c. space operations and technology. 

Those flights primarily composed of biomedical experi- 
ments generate modest data loads (say about 10 kbps), Requests 
on biomedical flights for electrocardiogram and electromyogram 
data can generate requirements for as many as 18 medium bandwidth, 
analog channels. 

The heaviest data loads are developed on flights with 
spectral sensing equipment and biomedical experiments as well. 
Such flights occur on both the remote lunar and the earth sensing 
missions. Note that communications requirements differ in these two 
types of flights. This difference centers around the limited time 
for data transmission from 200 NM earth orbits with the presently 
existing ground net. For lunar orbits, line of sight transmission 
is possible except when the spacecraft is on the other side of the 



moon from the earth, The heavy data load (for say lunar flight 511) 
can be estimated at roughly a 33 kbps PCM, 18 channels of analog 
data, and 4 wide bandwidth signals (40kc each, which might be filmed 
instead of transmitted). 

Note should be made of requests for wide bandwidth TV'in 
the experiment listings. These requests are prevalent in monitoring 
space operations. 

ALLOWABLE DELAY IN TRANSMISSION OF EXPERIMENTAL DATA 

There is considerable NASA interest in anticipating the 
allowable delays in transmitting and processing AAP experimental 
data, This section will review the status of present knowledge 
relating to this significant question. 

Experiments assigned and being considered for AAP 
Missions contain very little mention of demands for real time data 
reduction. However, many of the experiment descriptions do 
request expert evaluation of the data to remove redundancy 
as well as requests for data display. These requests indicate 
a need to have early data runs as well as selected later runs 
transmitted to the control center where they could be displayed, 
processed, and interpretted for data validity. Such evaluations 
could be performed on an off line basis at the control center. 

Lacking any explicit statements in available 
experiment descriptions stating delay times involved in the 
transmission of experimental data, it is only possible to 
indicate that the bulk of the data generated in experiments 
for the Alternate Apollo Missions appears not to require 
immediate utilization. 

The spectral analysis experiments produce a special 
class of data, and much of this data can be usefully correlated 
across various different. spectral regions. Once again, off 
line display and processing are indicated with the possibility 
that experimenter examination of the results may aid in improving 
data quality or in controlling data quantity, 

One other very important class of experiments contains 
all those operations which affect astronaut safety, For these 
experiments, the data appe a r  vi.tal enough to the successful 
operation of the mission as to require immediate data transmission. 



It i s  i m p o r t a n t  t o  r e i t e r a t e  t h a t  a v a i l a b l e  expe r imen t  
d e s c r i p t i o n s  f o r  A l t e r n a t e  Apo l lo  Miss ions  do n o t  c o n t a i n  
s p e c i f i c  r e f e r e n c e s  t o  t h e  a l l o w a b l e  t i m e  d e l a y s  a c c e p t a b l e  
f o r  r e c e i p t  of e x p e r i m e n t a l  d a t a .  Thus,  t h a t  p r o c e s s i n g  d e s c r i b e d  
w i t h i n  t h i s  s e c t i o n  must be c o n s i d e r e d  on ly  a s  r e a s o n a b l e  
i n f e r e n c e s  a t  t h e  p r e s e n t  t i m e .  

DATA GENERATION AREAS NOT COVERED BY PRESENT STUDY 

Exper iments  w i l l  be per formed i n  e a r t h  o r b i t s ,  l u n a r  
o r b i t s ,  and upon t h e  l u n a r  s u r f a c e  d u r i n g  t h e  AA Program. T h i s  
s t u d y  h a s  c o l l e c t e d  e s t i m a t e s  f o r  t h e  d a t a  g e n e r a t i o n  r a t e s  f o r  
e x p e r i m e n t s  p l a n n e d  f o r  t h e  A l t e r n a t e  Apo l lo  M i s s i o n s .  The 
e x p e r i m e n t s  f o r  t h e  f o l l o w  on m i s s i o n s  have n o t  been a s s i g n e d .  

The d a t a  g e n e r a t i o n  r a t e s  f o r  t h e s e  l a t e r  m i s s i o n s  a r e  
o b v i o u s l y  n o t  a v a i l a b l e  a t  t h e  p r e s e n t  t i m e .  T h e i r  e x i s t e n c e  
s h o u l d  be  k e p t  i n  mind s o  t h a t  t h e i r  impact  on t h e  A A  m i s s i o n  
p l a n s  i s  n o t  n e g l e c t e d .  
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TABLE I - DATA GENERATION FOR FLIGHT #211 

T I M E  REQUIRED DATA GENE RAT I ON 
D E S C R I P T I O N  

Magnetometer  

R e t u r n  Radar  
S i g n a l  Power 

N i g h t  P o r t i o n s  

100 Exposures  6 Count ing  U n i t s  

X-Ray Astronomy 

N u c l e a r  Emulsion 
Measurements  S t a c k  i s  R e t u r n e d  

"Count ing  o r  Accumula t ing  
Device D e s i r a b l e  t o  
S y n c h r o n i z e  D a t a  Flow. 



TABLE I - DATA GENERATION FOR FLIGHT #211 
(Continued) 

EXPERIMENT 

Measurements e t e r  S i g n a l s  # O r b i t s  = ? 



TABLE I - DATA GENERATION FOR FLIGHT #211 
(Continued) 

*Nominal sampl ing  r a t e  assumed. 
No a v a i l a b l e  i n f o r m a t i o n  on 
g a s t r i c  s i g n a l s .  CODE: - 

A = ANALOG 

D = D I G I T A L  

w = WIDEBAND (VIDEO) 

M = M E D I U M  ( f - < 3 K c )  
TYPE 

N = NARROW ( A P P R O P R I A T E  FOR 
DIGITAL SAMPLING) 

N A  = NOT A P P L I C A B L E  



TABLE 2 - DATA GENERATION FOR FLIGHT #214 



TABLE 3 - DATA GENERATION FOR FLIGHT #215 

some v o i c e  r e c o r d s .  



TABLE 4 - DATA GENERATION FOR FLIGHT #216 

EXPERIMENT 
T I M E  REQUIRED DATA GENERATION 

9, $, $ s p a c e c r a f t  

Range, range r a t e  
O p t i c a l  guidance 

system f o r  
rendezvous 

6 o p e r a t i o n a l  

o f  6 hours each 

On board guidance 

10-15/target  

O r b i t a l  maneuveri 
12 channels @ l o  s 



TABLE 5 - DATA GENERATION FOR FLIGHT #217 

DATA GENERATION 

n Flight EEG Continuous 

1 min/ 3 days 

blood pressure 30 min/ 6 days 

4 min/ 7 days 

and Strength Electromyogram 15 min/ 3 days 



TABLE 6 - DATA GENERATION FOR FLIGHT #507 

DESCRIPTION 
T IME REQUIRED DATA GENE RAT I ON 

L u n a r  S e n s o r s  

Work C a p a c i t y  3 m i n . / 3  d a y s  

4 min. /7  d a y s  



TABLE 6 - DATA GENERATION FOR FL l  GHT #507 

(Continued) 

T I M E  REQUIRED DATA G E N E R A T I O N  

Muscles Mass electromyogram and Strength 15 min./3 days 

Nutritional Status 

Psychomotor 5 min./3 days tape, voice Functioning 

Processes 19 min./3 days 



TABLE 7 - DATA GENERATION FOR FLIGHT #509 

E X P E R I M E N T  T I M E  REQUIRED DATA GENERATION 

Count ing  R a t e s  up 
t o  280/sec 4 b i t s -  

UV Photos  

Rapid Frame 
Photographs  

F a r  UV Image 
Conve r t e r  f o r  UV Photos  15  sequences  of  

S t e l l a r  Astronomy 12  p i c t u r e s  each  
s t a t i o n ,  v i d e o  

Radio S i g n a l s  

50 @ l o  S /S  ( 1  b i t  

S a t e l l i t e  
+ Magnetometer 



TABLE 7 - DATA GENERATION FOR FLIGHT #509 
(Continued 

T I M E  REQUIRED DATA GENERATION 

Gastrointestinal gastric ph, 



TABLE 8 - DATA GENERATION FOR FLIGHT #511 

Included in 
Exp. 0109's time 

electromyogram 15 min./3 days and Strength 



TABLE 8 - DATA GENERATION FOR FLIGHT #511 
(Continued) 

T I M E  REQUIRED DATA GENERAT I ON 

I n f r a r e d  Scanning  I R  I n t e n s i t y  Only o v e r  a l i m i t e d  
number o f  s i t e s  

Complete Moon 

100% sampl ing  o f  
Radar Imaging,  l u n a r  s u r f a c e  
A l t  imet  r y  and 
S u r f a c e  S t a t e  

UV Photos 500 f r a m e s / o r b i t  

Continuous on X-Ray F lou re scence  



TABLE 8 - DATA GENERATION FOR FLIGHT #511 

(Continued) 

Bioassays Body Fluid 


